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(54) Microwave and millimeter wave device 

(57) A microwave and millimeter wave device 
includes: a dielectric substrate including at least one 
signal line, a passive circuit and a first grounding con- 
ductor portion which are formed on a surface side of the 
dielectric substrate; and a semiconductor substrate 
including a plurality of active elements. The signal line is 



physically and electrically connected to an input/output 
terminal of the active element via a metal bump; and the 
first grounding conductor portion is physically end elec- 
trically connected to a grounding terminal of the active 
element via another metal bump. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

[0001] The present invention relates to a small light- 
weight microwave and millimeter wave device which is 
suitable for mass production and has good high fre- 
quency characteristics. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] In recent years, as the processing speed of a 
data processing device and the resolution of an image 
processing device have increased, a high-speed, large- 
capacity personal communication apparatus using a 
high frequency wave such as a microwave or a millime- 
ter wave has attracted public attention. As a microwave 
and millimeter wave device for use in such a communi- 
cation apparatus, a module has been actively devel- 
oped in which a high frequency semiconductor chip is 
mounted directly on a dielectric substrate having trans- 
mission lines thereon. As higher frequencies have been 
used, a flip-chip mounting method has attracted partic- 
ular public attention, by which the semiconductor chip is 
connected onto the dielectric substrate via metal 
bumps. 

[0003] Figure 21 A is a schematic diagram illustrating 
an HMIC 5100 (Hybrid Microwave Integrated Circuit) as 
an exemplary microwave and millimeter wave device. 
Figure 21 B is across-sectional view of the HMIC 5100 
taken along line 21 A-21B in Figure 21 A. 
[0004] The HMIC 5100 includes a single transistor 
chip 211, a dielectric substrate 212 on which passive 
circuits 5150 have been formed by transmission lines, 
and metal bumps 213. The single transistor chip 211 
and the dielectric substrate 212 are attached together, 
with the respective surface sides facing each other, so 
that electrodes on the single transistor chip 211 are 
physically and electrically connected to signal lines 214 
and grounding conductor portions 215 on the dielectric 
substrate 212 via the metal bumps 213. The grounding 
conductor portions 21 5 on the surface side of the die- 
lectric substrate 212 are connected to a grounding con- 
ductor surface 217 on the reverse side of the dielectric 
substrate 21 2 via through holes 21 6. A DC cut capacitor 
218. a radial stub 219, a chip resistor 220, a chip capac- 
itor 221, and the like, are formed on the surface side of 
the dielectric substrate 21 2 as the passive circuits 5150. 
[0005] An example of such an HMIC technique is 
described in 1997 IEEE MTT-S digest, pp. 447-450. 
[0006] Another such technique is a flip-chip mounting 
technique of an MMIC (Monolithic Microwave Integrated 
Circuit) onto the dielectric substrate 212. The MMIC 
includes an active element such as a transistor and pas- 
sive elements such as a transmission line, a spiral 
inductor and a thin film capacitor provided on the same 



semiconductor chip, thereby implementing functional 
blocks, such as an amplifier, a mixer and an oscillator, 
on the semiconductor chip. Figure 22A illustrates an 
exemplary MMIC 222 being flip-chip mounted on the 

5 dielectric substrate 212, and Figure 22B is a cross-sec- 
tional view taken along line 22A-22B in Figure 22A. 
[0007] The illustrated flip-chip structure includes the 
MMIC 222, the dielectric substrate 212 including trans- 
mission lines provided thereon, and the metal bumps 

10 213. The dielectric substrate 212 and the MMIC 222 are 
attached together, with the respective surface sides fac- 
ing each other, so that electrodes provided along the 
periphery of the MMIC 222 are physically and electri- 
cally connected to signal lines 224 and the grounding 

is conductor portions 215 on the dielectric substrate 212 
via the metal bumps 213. The grounding conductor por- 
tions 215 on the surface side of the dielectric substrate 
212 are connected to the grounding conductor surface 
217 on the reverse side of the dielectric substrate 212 

20 via the through holes 21 6. 

[0008] An exemplary MMIC flip-chip technique is 
described in 1994 IEEE MTT-S digest, pp. 1707-1710. 
[0009] However, the conventional techniques have the 
following problems. 

25 [001 0] For HMIC, the first problem is that the semicon- 
ductor chips as the single active elements have to be 
mounted one by one, thus resulting in a high production 
cost. The second problem is that the semiconductor 
chip as the single active element is very small in size, 

30 and thus is difficult to handle. As a result, variation in the 
high frequency characteristics is likely to occur due to 
misalignment between the individual active elements 
and the substrate. The third problem is that the number 
of metal bumps which can be mounted on one semicon- 

35 ductor chip is limited, thereby resulting in an insufficient 
mounting strength and poor heat radiation characteris- 
tics. The fourth problem is that relatively large spacing 
has to be provided between the individual semiconduc- 
tor chips for the mounting process, whereby the dielec- 

40 trie substrate requires a large area. Moreover, since 
such large spacing is provided between the semicon- 
ductor chips, the inductance between grounding termi- 
nals of each active element increases, whereby the 
operation of the element becomes unstable. 

45 [0011] For MMIC, the first problem is that since the 
active element and the passive elements are designed 
and produced on the same semiconductor chip, any 
design change requires reproduction of the whole 
device, thereby requiring a long time for the device 

so development The second problem is that the specific 
resistance of the semiconductor substrate is smaller 
than that of the dielectric substrate, and a high Q value 
cannot be obtained, whereby it is difficult to produce a 
high-performance passive element. In particular, since 

55 the semiconductor substrate has a smaller resistance 
than that of the dielectric substrate, a passive circuit 
produced on the semiconductor substrate may suffer 
from characteristic deterioration due to factors such as 
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leakage of a signal to the substrate. The third problem is 
that the passive elements occupy a major area of the 
semiconductor chip, thereby increasing the material 
cost. The fourth problem is that the active element and 
the passive elements are integrated on the same semi- 
conductor chip with a high density, thereby resulting in a 
poor electrical isolation characteristic between the 
respective elements. 

[001 2] Thus, while the HMIC technique and the MMIC 
technique have some advantages, they also have short- 
comings to be overcome. 

SUMMARY OF THE INVENTION 

[001 3] A microwave and millimeter wave device of the 
present invention includes: a dielectric substrate includ- 
ing at least one signal line, a passive circuit and a first 
grounding conductor portion which are formed on a sur- 
face side of the dielectric substrate; and a semiconduc- 
tor substrate including a plurality of active elements. 
The signal line is physically and electrically connected 
to an input/output terminal of the active element via a 
metal bump; and the first grounding conductor portion is 
physically and electrically connected to a grounding ter- 
minal of the active element via another metal bump. 
[0014] In one embodiment, the microwave and millim- 
eter wave device further includes a second grounding 
portion on a surface side of the semiconductor sub- 
strate, wherein the second grounding portion is formed 
by connecting respective grounding terminals of the plu- 
rality of active elements to one another via a first con- 
ductor. 

[001 5] In one embodiment, a second conductor is pro- 
vided on a reverse side of the semiconductor substrate; 
and the grounding conductor portion on the surface side 
of the semiconductor substrate is connected to the sec- 
ond conductor via a through hole. 
[0016] In one embodiment, a grounding conductor 
surface is provided on a reverse side of the dielectric 
substrate; and the grounding conductor surface is con- 
nected to the grounding conductor portion on the sur- 
face side of the dielectric substrate via a through hole. 
[0017] In one embodiment, the dielectric substrate 
includes a first dielectric layer, an intermediate conduc- 
tor layer and a second dielectric layer; a grounding con- 
ductor surface is provided on a reverse side of the 
second dielectric layer; a ground conductor portion is 
provided on the surface side of the dielectric substrate; 
and through holes are provided to connect between the 
grounding conductor portion and the intermediate con- 
ductor layer and between the intermediate layer and the 
grounding conductor surface, respectively. 
[0018] In one embodiment, the intermediate conduc- 
tor layer includes a slot coupling hole; a second signal 
line is provided on a reverse side of the second dielec- 
tric layer; a first signal line is provided on a surface side 
of the first dielectric layer; and the second signal line is 
electromagnetically coupled, for a desired frequency, to 



the first signal line via the slot coupling hole. 
[0019] In one embodiment, at least a mixer input 
matching circuit and a filtering circuit are provided as 
the passive circuits; and the microwave and millimeter 
5 wave device further comprises a frequency conversion 
device. 

[0020] In one embodiment, a frame body is provided 
along a periphery of the dielectric substrate; a lid is pro- 
vided on the frame body so as to cover the semiconduc- 
10 tor substrate; and the frame body and the lid are 
respectively grounded. 

[0021] In one embodiment, a first signal line is pro- 
vided on the surface side of the dielectric substrate; an 
external connection terminal and a second signal line 

is are provided on a reverse side of the dielectric sub- 
strate; the external connection terminal is connected to 
the second signal line; the second signal line is con- 
nected to the first signal line via a through hole or a slit 
coupling hole; and the first signal line is connected to 

20 the passive circuit. 

[0022] In one embodiment, an input terminal is pro- 
vided on the surface side of the dielectric substrate; a 
planar antenna is provided on a reverse side of the die- 
lectric substrate; the planar antenna includes a power 

25 supply portion for connection to the surface side of the 
dielectric substrate; the power supply portion is con- 
nected to the input terminal via a through hole or a slot 
coupling hole; and an input is provided from the input 
terminal to the passive circuit. 

30 [0023] The dielectric substrate may be made of silicon 
having an insulation film on the surface side of the die- 
lectric substrate; and the passive circuit is formed by a 
semiconductor process for the silicon. 
[0024] According to another aspect of the present 

35 invention, a microwave and millimeter wave device 
includes: a dielectric substrate including at least one 
signal line, a passive circuit and a grounding conductor 
portion which are formed on a surface side of the dielec- 
tric substrate; and a semiconductor substrate including 

40 a plurality of transistors, a diode, and a function block 
constituted by a predetermined circuit element, wherein 
the dielectric substrate and the semiconductor sub- 
strate are physically and electrically connected to each 
other via a metal bump. 

45 [0025] The metal bump may allow connection 
between terminals provided on the dielectric substrate 
and the semiconductor substrate. 
[0026] The dielectric substrate may be a multilayered 
thin film substrate provided over the semiconductor sub- 
so strate. 

[0027] The function block may include a pair of tran- 
sistors and a pair of diodes. 

[0028] The function block may include a transistor and 
a bias circuit for the transistor. 
55 [0029] The function block may include a transistor and 
a feedback circuit for the transistor. 
[0030] Grounding terminals for the function block and 
the respective transistors may be provided on the die- 
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lectric substrate at such positions as to surround the 
function block and the transistors. 
[0031 ] Alternatively, grounding terminals for the func- 
tion block and the respective transistors may be pro- 
vided on the semiconductor substrate at such positions 
as to surround the function block and the transistors. 
[0032] Furthermore, grounding terminals for the func- 
tion block and the respective transistors may be pro- 
vided on at least one of the dielectric substrate and the 
semiconductor substrate at such positions as to sur- 
round the function block and the transistors. 
[0033] In one embodiment, the plurality of transistors 
are arranged to form first and second rows, wherein 
input and output terminals for the first row are provided 
on the semiconductor substrate along a first direction 
while input and output terminals for the second row are 
provided on the semiconductor substrate along a sec- 
ond direction which is substantially opposite to the first 
direction. 

[0034] Thus, the invention described herein makes 
possible the advantage of providing a small, low-cost 
microwave and millimeter wave device which allows the 
development time to be shortened, improves the mount- 
ing strength of a semiconductor chip and has good pas- 
sive element characteristics. 

[0035] This and other advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Figures 1A to 1C illustrate a structure of a micro- 
wave and millimeter wave device according to 
Example 1 of the present invention; 

Figures 2A and 2B are schematic diagrams for 
illustrating a hetero-junction bipolar transistor as an 
exemplary active element; 

Figures 3A and 3B are schematic diagrams for 
illustrating a field effect transistor as an exemplary 
active element; 

Figures 4A and 4B illustrate a structure of a micro- 
wave and millimeter wave device according to 
Example 2 of the present invention; 

Figures 5A and 5B illustrate a structure of a micro- 
wave and millimeter wave device according to 
Example 3 of the present invention; 

Figures 6A and 6B illustrate a structure of a micro- 
wave and millimeter wave device according to 
Example 3 of the present invention; 



Figures 7A to 7C illustrate a structure of a micro- 
wave and millimeter wave device according to 
Example 4 of the present invention; 

5 Figures 8A to 8C illustrate a structure of a micro- 

wave and millimeter wave device according to 
Example 5 of the present invention; 

Figures 9A and 9B illustrate a structure of a micro- 
io wave and millimeter wave device according to 
Example 6 of the present invention; 

Figure 1 0 illustrates a structure of a microwave and 
millimeter wave device according to Example 7 of 
15 the present invention; 

Figures 11 A and 11 B illustrate a structure of a 
microwave and millimeter wave device according to 
Example 8 of the present invention; 

20 

Figure 1 2 illustrates a structure of a microwave and 
millimeter wave device according to Example 9 of 
the present invention; 

25 Figures 13A and 13B illustrate a structure of a 
microwave and millimeter wave device according to 
Example 10 of the present invention; 

Figures 14A and 14B illustrate a structure of a 
30 microwave and millimeter wave device according to 
Example 1 1 of the present invention; 

Figure 1 5 illustrates a structure of a microwave and 
millimeter wave device according to Example 1 1 of 
35 the present invention; 

Figure 16 illustrates a structure of a microwave and 
millimeter wave device according to Example 12 of 
the present invention; 

40 

Figures 17A and 17B illustrate a structure of a 
microwave and millimeter wave device according to 
Example 13 of the present invention; 

45 Figures 18A and 18B illustrate a structure of a 
microwave and millimeter wave device according to 
Example 14 of the present invention; 

Figure 1 9 illustrates a structure of a microwave and 
so millimeter wave device according to Example 14 of 
the present invention; 

Figure 20 illustrates a structure of a microwave and 
millimeter wave device according to Example 15 of 
55 the present invention; 

Figures 21 A and 21 B are schematic diagrams illus- 
trating an HMIC as an exemplary conventional 
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microwave and millimeter wave device; and 

Figures 22A and 22B are schematic diagrams illus- 
trating a device including an MMIC mounted ther- 
eon as an exemplary conventional microwave and s 
millimeter wave device. 

Figure 23A illustrates a circuit diagram of a micro- 
wave and millimeter wave device according to 
Example 1 6 of the present invention; 10 

Figure 23B illustrates a structure of a microwave 
and millimeter wave device according to Example 
1 6 of the present invention; 

15 

Figure 23C illustrates a circuit layout of a micro- 
wave and millimeter wave device according to 
Example 16 of the present invention; 

Figures 24A(a) and 24A(b) illustrate another circuit 20 
configuration which can be included in a microwave 
and millimeter wave device according to Example 

16 of the present invention; 

Figures 24B(a) and 24B(b) illustrate still another 25 
circuit configuration which can be included in a 
microwave and millimeter wave device according to 
Example 16 of the present invention; 

Figures 24C(a) and 24C(b) illustrate still another 30 
circuit configuration which can be included in a 
microwave and millimeter wave device according to 
Example 16 of the present invention; 

Figure 25A illustrates a circuit diagram of a micro- ss 
wave and millimeter wave device according to 
Example 17 of the present invention; 

Figures 25B(a) to 25B(c) illustrate a structure of a 
microwave and millimeter wave device according to 40 
Example 17 of the present invention; 

Figures 25C(a) to 25C(c) illustrate another struc- 
ture of a microwave and millimeter wave device 
according to Example 17 of the present invention 45 
so as to correspond to Figures 25B(a) to 25B(c); 

Figures 25D(a) to 25D(c) illustrate still another 
structure of a microwave and millimeter wave 
device according to Example 17 of the present so 
invention so as to correspond to Figures 25B(a) to 
25B(c); and 

Figure 25E illustrates a circuit layout of a microwave 
and millimeter wave device according to Example ss 

1 7 of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

EXAMPLE 1 

[0037] Figures 1A to 1C illustrate a structure of a 
microwave and millimeter wave device 100 according to 
Example 1 of the present invention. 
[0038] Figure 1 A illustrates the microwave and millim- 
eter wave device 1 00 as viewed from the reverse side of 
a semiconductor substrate 2, in which the semiconduc- 
tor substrate 2 his been rendered transparent for 
detailed illustration of the connections between active 
elements 6 on the surface side of the semiconductor 
substrate 2 and a dielectric substrate 1. Figure 1B is a 
cross-sectional view token along line 1A-1B in Figure 
1 A. Figure 1C is a cross-sectional view token along line 
1C-1Din Figure 1 A. 

[0039] The microwave and millimeter wave device 1 00 
includes: the dielectric substrate 1 having passive cir- 
cuits 5 formed of microstrip lines; the semiconductor 
substrate 2 having a group of active elements including 
a plurality of active elements 6 formed on the surface 
thereof; and a plurality of metal bumps 3. The passive 
elements forming the passive circuits 5 on the dielectric 
substrate 1 are physically and electrically connected to 
the active elements 6 on the semiconductor substrate 2 
via the metal bumps 3. 

[0040] For the dielectric substrate 1 . a ceramic sub- 
strate or a resin substrate may be used. On the surface 
side of the dielectric substrate 1 , the passive circuits 5 
suitable for the intended purpose are formed before- 
hand using microstrip lines 4, or the like, by a thick film 
printing process or by an etching and a plating process. 
Although the microstrip lines are provided on the dielec- 
tric substrate 1 in Example 1 , coplanar lines may alter- 
natively be used. The passive circuits 5 may include in 
impedance-matching circuit, a DC power supply circuit, 
and the like. In addition to the microstrip lines and the 
coplanar lines, the passive circuits 5 may also include a 
chip resistor, a chip capacitor, a chip inductor, and the 
like. 

[0041 ] The semiconductor substrate 2 may be a GaAs 
substrate or an InP substrate which has a good high fre- 
quency characteristic. Then, several single active ele- 
ments 6, such as a field effect transistor or a hetero- 
junction bipolar transistor, are provided in a certain lay- 
out on the surface of the semiconductor substrate 2 by 
using a conventional semiconductor process. In view of 
the typical circuit scale of the microwave and millimeter 
wave device and the size of the semiconductor sub- 
strate, the number of single active elements 6 to be pro- 
vided is suitably 4 to 6, though the present invention is 
not limited thereto. 

[0042] Referring to Figures 2A and 2B, a case where 
a hetero-junction bipolar transistor is used for each of 
the active elements 6 will be described. 
[0043] Figure 2 A is a schematic diagram illustrating a 
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hetero-junction bipolar transistor, and Figure 2B is a cir- 
cuit diagram of such a hetero-junction bipolar transistor. 
[0044] A signal is input through an input terminal 7 as 
a base of the hetero-junction bipolar transistor, and is 
amplified and output through an output terminal 8 as a 
collector. The grounding terminal 9 as an emitter is con- 
nected to a grounding conductor portion 10 on the die- 
lectric substrate 1 via the metal bumps 3, and is 
grounded via the grounding conductor portion 10, a 
through hole 11 and a grounding conductor surface 12. 
[0045] Similarly, referring to Figures 3A and 3B, a 
case where a field effect transistor is used for each of 
the active elements 6 will be described. 
[0046] Figure 3A is a schematic diagram illustrating a 
field effect transistor, and Figure 3B is a circuit diagram 
of such a field effect transistor. 

[0047] A signal is input through an input terminal 7 as 
a gate of the field effect transistor, and is amplified and 
output through an output terminal 8 as a drain. The 
grounding terminal 9 as a source is connected to a 
grounding conductor portion 10 on the dielectric sub- 
strate 1 via the metal bumps 3, and is grounded via the 
grounding conductor portion 10, a through hole 11 and 
a grounding conductor surface 12. 
[0048] The input terminal 7 of such an active element 
6 is connected to the microstrip lines 4 on the dielectric 
substrate 1 , and the output terminal 8 of the active ele- 
ment 6 is connected to the microstrip lines 4 on the die- 
lectric substrate 1 via the metal bumps 3. Metal bumps 
are provided on selected terminals of the active ele- 
ments 6 on the semiconductor substrate 2. The semi- 
conductor substrate 2 is mounted onto the dielectric 
substrate 1 with the surface side of the semiconductor 
substrate 2 facing the dielectric substrate 1 . The mount- 
ing process is performed so that each of the metal 
bumps 3 on the semiconductor substrate 1 are aligned 
with the corresponding terminals of the passive circuit 5 
on the dielectric substrate 1 . 

[0049] The connection between the semiconductor 
substrate 2 and the dielectric substrate 1 via the metal 
bumps 3 may be provided by, for example, heating the 
semiconductor substrate 2 while pressing the substrate 
2 against the dielectric substrate 1. For example, Au 
bumps may be used for the metal bumps 3. Thus, the 
boundary surface of the metal bumps 3 with the ground- 
ing conductor portion 10 and the microstrip lines 4 on 
the dielectric substrate 1 is alloyed, thereby electrically 
and physically connecting the substrates together. 
[0050] Typically, the microwave and millimeter wave 
device includes: in active element for amplifying or mod- 
ulating a signal; and a passive element such as an 
impedance-matching circuit, a DC power supply circuit, 
and the like. In the present invention, only the active ele- 
ment 6 is implemented on the semiconductor substrate 
2, while only the passive element 5 is implemented on 
the dielectric substrate 1 . In such a structure, a plurality 
of active elements 6 are arranged on one semiconduc- 
tor substrate 2, whereby the semiconductor substrate 2 



can be mounted on the dielectric substrate 1 through a 
single flip-chip mounting process. Since the semicon- 
ductor substrate 2 has a sufficient area, it is easy to 
handle, and misalignment with respect to the dielectric 

5 substrate 1 is less likely to occur. Furthermore, as com- 
pared to HMIC, there are more metal bumps 3 
employed for connecting the semiconductor substrate 2 
with the dielectric substrate 1 , thereby obtaining a suffi- 
cient mounting strength. Since only the active elements 

10 6 are provided on the semiconductor substrate 2, it is 
possible to reduce the material cost. Moreover, in the 
present invention, the passive circuit 5 is provided on 
the dielectric substrate 1, thereby obtaining the passive 
circuit 5 having a high Q value. 

is [0051 ] More importantly, it is possible to produce the 
general-purpose semiconductor substrate 2 which can 
be used for any circuit system, whereby the circuit 
design can be determined only by the dielectric sub- 
strate 1 . Moreover, not all of the active elements 6 and 

20 the terminals on the semiconductor substrate 2 are nec- 
essarily used, but the passive circuits 5 can be 
designed so that only some of the active elements 6 and 
the terminals are used. Furthermore, a design change 
can be made simply by changing the passive circuits 5 

25 on the dielectric substrate 1, thereby shortening the 
development time. 

EXAMPLE 2 

30 [0052] Figures 4A and 4B illustrate a structure of a 
microwave and millimeter wave device 200 according to 
Example 2 of the present invention. 
[0053] Figure 4A illustrates the microwave and millim- 
eter wave device 200 as viewed from the reverse side of 

35 the semiconductor substrate 2, in which the semicon- 
ductor substrate 2 has been rendered transparent for 
detailed illustration of the connections between the 
active elements 41 to 45 on the surface side of the sem- 
iconductor substrate 2 and the dielectric substrate 1. 

40 Figure 4B is across-sectional view taken along line 4A- 
4B in Figure 4A. In Figures 4A and 4B t the components 
also shown in Figures 1A to 1C are denoted by the 
same reference numerals and will not further be 
described below as they function in substantially the 

45 same way as described in Example 1 above. 

[0054] The device 200 of Example 2 can be character- 
ized by the arrangement of the active elements 41 to 45 
on the semiconductor substrate 2. In particular, as com- 
pared to Example 1 illustrated in Figures 1 A to 1C, the 

so active elements 41 to 45 are arranged on the semicon- 
ductor substrate 2 into an array such that the respective 
active elements 41 to 45 have alternating input/output 
directions. As illustrated in Figures 4A, the active ele- 
ments 41 to 45 are arranged to have alternating input 

55 directions, i.e., the active elements 41, 43 and 45 have 
one input direction, while the other active elements 42 
and 44 have the opposite input direction. Therefore, the 
input terminal 7 of one active element and the output 
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terminal 8 of an adjacent active element are located on 
the same side, thereby facilitating the arrangement of 
the passive elements 5 for connecting two adjacent 
active elements together. 

EXAMPLE 3 

[0055] Figures 5A, SB, 6A and 6B illustrate a structure 
of a microwave and millimeter wave device 300 accord- 
ing to Example 3 of the present invention. 
[0056] Figure 5A illustrates the microwave and millim- 
eter wave device 300 as viewed from the reverse side of 
the semiconductor substrate 2, in which the semicon- 
ductor substrate 2 has been rendered transparent for 
detailed illustration of the connections between the 
active elements 55, 57 to 59, 61 and 62 on the surface 
side of the semiconductor substrate 2 and the dielectric 
substrate 1. Figure 5B is a cross-sectional view taken 
along line 5A-5B in Figure 5A, as viewed from the direc- 
tion indicated by the arrows. Figure 6A illustrates pas- 
sive elements 54, 56 and 60, the microstrip lines 4 and 
the grounding terminals 10 provided on the dielectric 
substrate 1 . Figure 6B illustrates the above-mentioned 
active elements provided on the semiconductor sub- 
strate 2. In Figures 5A, 5B, 6A and 6B, the components 
also shown in Figures 1A to 1C are denoted by the 
same reference numerals and will not further be 
described below as they function in substantially the 
same way as described in Example 1 above. 
[0057] The device 300 of Example 3 can be character- 
ized in that the grounding terminals 10 of the active ele- 
ments on the semiconductor substrate 2 are connected 
with one another via a conductor, and that a power 
amplifier is implemented as an exemplary circuit form. 
The grounding terminals 10 of the active elements on 
the semiconductor substrate 2 are connected with one 
another via grounding conductors 51, 52 and 53, 
respectively. Since the grounding terminals 10 of all the 
active elements are connected with one another on the 
semiconductor substrate 2 via grounding conductors 
51, 52 and 53, the grounding inductance between the 
active elements is reduced, and the signal isolation 
between the active elements is increased. 
[0058] Referring to Figures 5A, 5B, 6A and 6B, an 
operation of the power amplifier of the present example 
will be described. 

[0059] An input signal passes through the passive ele- 
ment 54 on the dielectric substrate 1 , and is input to the 
active element 55 on the semiconductor substrate 2. 
The signal is amplified by the active element 55, and 
passes through the passive circuit 56. Then, the signal 
is divided into three signals by the microstrip line 4, and 
are input to the active elements 57, 58 and 59 on the 
semiconductor substrate 2, respectively. The signals 
are amplified by the active elements 57, 58 and 59, 
respectively, and synthesized back into one signal by 
the microstrip line 4 on the dielectric substrate 1. Then, 
the signal is output through the passive element 60. In 



the present example, the active element 61 is not used, 
and only the grounding terminal of the active element 62 
is used. 

s EXAMPLE 4 

[0060] Figures 7A to 7C illustrate a structure of a 
microwave and millimeter wave device 400 according to 
Example 4 of the present invention. 

w [0061] Figure 7A illustrates the microwave and millim- 
eter wave device 400 as viewed from the reverse side of 
the semiconductor substrate 2, in which the semicon- 
ductor substrate 2 has been rendered transparent for 
detailed illustration of the connections between the 

is active elements 55, 57 to 59, 61 and 62 on the surface 
side of the semiconductor substrate 2 and the dielectric 
substrate 1. Figure 7B is a cross-sectional view taken 
along line 7A-7B in Figure 7A, as viewed from the direc- 
tion indicated by the arrows. Figure 7C illustrates the 

20 above-mentioned active elements provided on the sem- 
iconductor substrate 2. In Figures 7A to 7C, the compo- 
nents also shown in Figures 5A and 5B are denoted by 
the same reference numerals and will not further be 
described below as they function in substantially the 

25 same way as described in Example 3 above. 

[0062] A difference between Example 4 and Example 
3 is that the semiconductor substrate 2 includes a con- 
ductor 71 on the reverse side thereof, and the conduc- 
tors 51, 52 and 53 on the surface side of the 

30 semiconductor substrate 2 are connected to the con- 
ductor 71 on the reverse side of the semiconductor sub- 
strate 2 via a conductive through hole 72. The other 
components function in substantially the same way as 
described in the above examples, and thus will not fur- 

35 ther be described below. 

[0063] When the above active elements are power 
amplifiers, the problem associated with heat generation 
therefrom has to be addressed. In Example 4, the heat 
generated from the active elements is not only trans- 

40 fenred to the dielectric substrate 1, but also is trans- 
ferred to the conductor 71 on the reverse side of the 
semiconductor substrate 2 via the through hole 72 and 
radiated therefrom. 

45 Example 5 

[0064] Figures 8A to 8C illustrate a structure of a 
microwave and millimeter wave device 500 according to 
Example 5 of the present invention. 

so [0065] Figure 8A illustrates the microwave and millim- 
eter wave device 500 as viewed from the reverse side of 
the semiconductor substrate 2, in which the semicon- 
ductor substrate 2 has been rendered transparent for 
detailed illustration of the connections between the 

55 active elements 6 on the surface side of the semicon- 
ductor substrate 2 and the dielectric substrate 1 . Figure 
8B is a cross-sectional view taken along line 8A-8B in 
Figure 8A, as viewed from the direction indicated by the 
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arrows. Figure 8C is a cross-sectional view taken along 
line 8C-8D In Figure 8A. as viewed from the direction 
indicated by the arrows. In Figures 8A and 8B, the com- 
ponents also shown in Figures 1 A to 1 C are denoted by 
the same reference numerals and will not further be 
described below as they function in substantially the 
same way as described in Example 1 above. 
[0066] A difference between Example 5 and Example 
1 is that the passive circuits 5 are formed on the dielec- 
tric substrate 1 using coplanar lines. The coplanar lines 
include a signal line 81 and grounding conductor por- 
tions 82 on the dielectric substrate 1 , and the character- 
istic impedance is determined by the width of the signal 
line 81 and the distance between the signal line 81 and 
the grounding conductor portion 82. 
[0067] In order to obtain a stable transmission charac- 
teristic using a coplanar line, it is important to stabilize 
the potential of the grounding conductor portions 82. 
Therefore, in the present example, the grounding con- 
ductor portions 82 on the surface side of the dielectric 
substrate 1 are connected to the grounding conductor 
surface 12 on the reverse side thereof via the through 
holes 11, thereby securing the grounding of the copla- 
nar lines and thus enabling a stable operation of the 
device. 

EXAMPLE 6 

[0068] Figures 9A and 9B illustrate a structure of a 
microwave and millimeter wave device 600 according to 
Example 6 of the present invention. 
[0069] Figure 9A illustrates the microwave and millim- 
eter wave device 600 as viewed from the reverse side of 
the semiconductor substrate 2, in which the semicon- 
ductor substrate 2 has been rendered transparent for 
detailed illustration of the connections between the 
active elements 6 on the surface side of the semicon- 
ductor substrate 2 and the dielectric substrate 1. Figure 
9B is a cross-sectional view taken along line 9A-9B in 
Figure 9A, as viewed from the direction indicated by the 
arrows. In Figures 9A and 9B, the components also 
shown in Figures 1 A to 1 C are denoted by the same ref- 
erence numerals and will not further be described below 
as they function in substantially the same way as 
described in Example 1 above. 

[0070] The device 600 of the present example is dif- 
ferent from the microwave and millimeter wave device 
100 of Example 1 described in connection with Figures 
1 A to 1C in that a silicon substrate 92 including an insu- 
lation layer 91 deposited thereon is used for the dielec- 
tric substrate 1 , and that active circuits 93 are provided 
by a semiconductor process. 

[0071] The silicon substrate 92 has a specific resist- 
ance lower than other dielectric materials, and thus, the 
silicon substrate does not provide a high Q value in a 
passive circuit. However, the silicon substrate is inex- 
pensive and allows for the use of a semiconductor proc- 
ess. Therefore, passive elements, such as a thin film 
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capacitor, a spiral inductor or a resistor, can be inte- 
grated on the substrate with a high density. When the 
silicon substrate 92 having the insulation layer 91 is 
used, the active circuits 93 such as the spiral inductor 

5 can be provided on the reverse side of the semiconduc- 
tor substrate 2, thereby contributing to increasing the 
density of the passive circuits. Thus, the size of the 
microwave and millimeter wave device can be greatly 
reduced. It is particularly suitable for applications with a 

10 relatively low frequency which do not require very high 
performance of the passive elements. 

EXAMPLE 7 

75 [0072] Figure 10 is a cross-sectional view illustrating 
a microwave and millimeter wave device 700 according 
to Example 7 of the present invention. In Figure 10, the 
components also shown in Figures 1A to 1C are 
denoted by the same reference numerals and will not 

20 further be described below as they function in substan- 
tially the same way as described in Example 1 above. 
[0073] Example 7 is different from Example 1 
described in connection with Figures 1 A to 1C in the fol- 
lowing points. As the dielectric substrate 1 , a first dielec- 

25 trie layer 101, an intermediate conductor layer 102 and 
a second dielectric layer 103 are deposited. The 
grounding conductor surface 12 is provided partially or 
entirely over the reverse side of the second dielectric 
layer 103. The grounding conductor portions 10 on the 

30 surface side of the first dielectric layer 101 are con- 
nected to the intermediate conductor layer 102 via the 
through holes 11, and the intermediate conductor layer 
102 is connected to the grounding conductor surface 12 
via the through holes 1 1 . 

35 [0074] Particularly, when the passive circuits are 
formed of the microstrip lines as in Example 1 f the dis- 
tance between the microstrip lines and the grounding 
conductor surface 12 has to be reduced as the fre- 
quency increases, thereby reducing the thickness of the 

40 dielectric substrate. This may result in decrease in the 
mechanical strength of the dielectric substrate. How- 
ever, by depositing as the dielectric substrate 1 , the first 
dielectric layer 101, the intermediate conductor layer 
102 and the second dielectric layer 103, as in the 

45 present example, it is possible to determine the charac- 
teristic impedance of the microstrip lines by the signal 
lines on the first dielectric layer 101 and the intermedi- 
ate conductor layer 102, while increasing the mechani- 
cal strength of the dielectric substrate by the second 

so dielectric layer 103. Moreover, it may not be necessary 
to use the same material for the first dielectric layer 101 
and the second dielectric layer 103. 

EXAMPLE 8 

55 

[0075] Figures 1 1 A and 1 1 B illustrate a structure of a 
microwave and millimeter wave device 800 according to 
Example 8 of the present invention. 
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[0076] Figure 11 A illustrates the microwave and mil- 
limeter wave device 800 as viewed from the reverse 
side of the semiconductor substrate 2, in which the 
semiconductor substrate 2 has been rendered transpar- 
ent for detailed illustration of the connections between 
the active elements 6 on the surface side of the semi- 
conductor substrate 2 and the dielectric substrate 1. 
Figure 11 B is a cross-sectional view taken along line 
11A-11B in Figure 11 A. In Figures 11 A and 11 B, the 
components also shown in Figures 1A to 1C are 
denoted by the same reference numerals and will not 
further be described below as they function in substan- 
tially the same way as described in Example 1 above. 
[0077] Example 8 is different from Example 1 
described in connection with Figures 1 A to 1 C in the fol- 
lowing points. A frame body 1 1 1 of metallized side walls 
is provided along the periphery of the dielectric sub- 
strate 1. Moreover, a metallized lid 112 is provided on 
the frame body 111 so as to cover the semiconductor 
substrate 2. The grounding conductor portions 10 on 
the surface side of the dielectric substrate 1 are physi- 
cally and electrically connected to the frame body 111, 
which in turn is physically and electrically connected to 
the lid 112. The frame body 111 and the lid 1 1 2 serve to 
prevent unwanted radiation from or into the active ele- 
ments 6 on the semiconductor substrate 2 and the pas- 
sive elements on the dielectric substrate 1 . 
[0078] When the device in used in the millimeter wave 
band at a frequency of about 30 GHz or greater, an 
unwanted wave in the waveguide mode inside the frame 
body 111 can be eliminated since the frame body 111 
and the lid 1 1 2 are electrically grounded, while the sem- 
iconductor substrate 2 and the dielectric substrate 1 are 
three-dimensionally grounded via the metal bumps 3. 
This improves the isolation characteristic between the 
input and the output, and thus realize a good and stable 
characteristic. 

[0079] While a metallized material is used for the 
frame body 111 and the lid 1 1 2 in the present example, 
a metal material may alternatively be used. 

EXAMPLE 9 

[0080] Figure 12 illustrates a microwave and millime- 
ter wave device 900 according to Example 9 of the 
present invention. Figure 12 illustrates the microwave 
and millimeter wave device 900 as viewed from the 
reverse side of the semiconductor substrate, in which 
the semiconductor substrate has been rendered trans- 
parent for detailed illustration of the connections 
between the active elements on the surface side of the 
semiconductor substrate and the dielectric substrate. 
[0081 ] The structure of the device 900 in this example 
is substantially the same as that of Example 5 
described in connection with Figure 8, but the present 
example illustrates an exemplary structure of a down 
converter which functions as a high frequency amplifier, 
a mixer and a intermediate frequency amplifier. 



[0082] A high frequency signal is input though an input 
terminal 121 to an input matching circuit/power supply 
circuit 122, and is amplified by on active element 123. 
Then, the amplified signal passes through an interstage 

s matching circurt/pcwer supply circuit 124, and is further 
amplified by an active element 125. The high frequency 
signal output from the active element 125 is subjected 
to impedance matching and the unwanted wave thereof 
is removed by an output matching circuit/power supply 

10 circuit/Filtering circuit 126, and is then input to a mixer 
input matching circuit/local supply circuit 127. The high 
frequency signal is synthesized with a local oscillation 
signal generated by a local oscillation circuit, and input 
to an active element 128. Due to the non-linearity of the 

15 active element 128, the high frequency signal and the 
local oscillation signal are mixed together, thereby gen- 
erating an intermediate frequency signal corresponding 
to the frequency difference component between the 
high frequency signal and the local oscillation signal. 

20 The intermediate frequency signal passes through an IF 
input matching circuit/power supply circuit 129, and is 
amplified by an active element 130. Then, the amplified 
signal passes through an IF interstage matching cir- 
cuit/power supply circuit 1 31 , and is further amplified by 

25 an active element 1 32 to be output through an IF output 
matching circuit/power supply circuit 133. An active ele- 
ment 910 is not used. 

[0083] While Example 9 illustrates an example where 
the passive circuits are formed of coplanar lines, they 

30 may alternatively be formed of microstrip lines as in 
Example 1. Moreover, while Example 9 illustrates a 
down converter for converting a high frequency signal to 
an intermediate frequency signal, an up converter for 
converting an intermediate frequency signal to a high 

35 frequency signal can be formed in substantially the 
same manner. 

[0084] It is possible, as in the present example, for one 
semiconductor chip to be used to provide frequency 
conversion devices such as a down converter or an up 

40 converter. When the conventional MMIC or HMIC struc- 
ture is used to provide a frequency conversion device 
for the millimeter wave band at a frequency of about 30 
GHz or greater, the characteristic of some circuits such 
as a mixer circuit or a filtering circuit included in the 

45 resultant frequency conversion device often deterio- 
rates. On the other hand, according to the present 
example, such deterioration can be prevented. 

EXAMPLE 10 

50 

[0085] Figures 13A and 13B illustrate a microwave 
and millimeter wave device 1000 according to Example 
10 of the present invention. 

[0086] Figure 13A illustrates the microwave and mil- 
55 limeter wave device 1000 as viewed from the reverse 
side of the semiconductor substrate, in which the semi- 
conductor substrate has been rendered transparent for 
detailed illustration of the connections between the 
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active elements on the surface side of the semiconduc- 
tor substrate and the dielectric substrate. Figure 13B is 
a cross-sectional view taken along line 13A-13B in Fig- 
ure 13 A, as viewed from the direction indicated by the 
arrows. 

[0087] The microwave and millimeter wave-device 
1000 of Example 10 has substantially the same struc- 
ture as that of the microwave and millimeter wave 
device 900 of Example 9, but is different in that an exter- 
nal connection terminal 134 is provided. 
[0088] Specifically, in the device 1000, the reverse 
side of the dielectric substrate 1 includes a signal line 
135 as a coplanar line, one end of which serves as the 
external connection terminal 1 34. On the surface side of 
the dielectric substrate 1 , the input terminal is extracted 
by a signal line 136 as a coplanar line, and the signal 
line 136 is connected to the other end of the signal line 
135 as a coplanar line on the reverse side of the dielec- 
tric substrate 1 via a through hole 137. Moreover, the 
frame body 111 of metallized side walls is provided 
along the periphery of the dielectric substrate 1 , and the 
metallized lid 112 is provided on the frame body 111 so 
as to cover the semiconductor substrate 2. The ground- 
ing conductor portions on the surface side of the dielec- 
tric substrate 1 are physically and electrically connected 
to the frame body 111, which in turn is physically and 
electrically connected to the lid 112. The frame body 
111 and the lid 1 1 2 serve to prevent unwanted radiation 
from or into the active elements on the semiconductor 
substrate 2 and the passive elements on the dielectric 
substrate 1. Moreover, by providing the signal line 136 
as a coplanar line on the reverse side of the dielectric 
substrate 1 from the through hole 137, the frame body 
1 11 and the lid 112, it is possible to output a signal with- 
out being affected by an electromagnetic field radiated 
from the circuits on the surface side of the dielectric 
substrate 1. 

EXAMPLE 1 1 

[0089] Figures 14A and 14B illustrate a microwave 
and millimeter wave device 1100 according to Example 
11 of the present invention. 

[0090] Figure 14A illustrates the microwave and mil- 
limeter wave device 1100 as viewed from the reverse 
side of the semiconductor substrate, in which the semi- 
conductor substrate has been rendered transparent for 
detailed illustration of the connections between the 
active elements on the surface side of the semiconduc- 
tor substrate and the dielectric substrate. Figure 14B is 
a cross-sectional view taken along line 14A-14B in Fig- 
ure 14A, as viewed from the direction indicated by the 
arrows. Figure 15 illustrates the dielectric substrate 1 as 
viewed from the reverse side thereof. 
[0091] The microwave and millimeter wave device 
1100 of Example 11 has substantially the same struc- 
ture as that of the microwave and millimeter wave 
device 900 of Example 9, but is different in that a planar 
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antenna 141 is provided on the reverse side of the die- 
lectric substrate 1 . 

[0092] The microwave and millimeter wave device 
1 100 of Example 11 includes the planar antenna 141 on 

5 the reverse side of the dielectric substrate 1 , and an end 
of a signal line which is extracted from the planar 
antenna 141 and is converted to a coplanar line has a 
power supply portion 142. On the surface side of the 
dielectric substrate 1 , the input terminal 1 21 of the down 

10 converter as described above in Example 9 is extracted 
by a coplanar line from the input matching circuit/power 
supply circuit 1 22, and is connected to the power supply 
portion 1 42 of the planar antenna 1 41 via a through hole 
143. 

15 [0093] A high frequency signal from the outside of the 
device 1100 is incident upon the planar antenna 141, 
and is input to an input matching circuit/power supply 
circuit 122 on the surface side of the dielectric substrate 
via the through hole 143. Other than this, the operation 

20 of the device 1100 is substantially the same as that 
described in Example 9, and thus will not further be 
described. 

[0094] By providing the planar antenna 141 on the 
reverse side of the dielectric substrate 1 , it is possible to 

25 realize a very small microwave and millimeter wave 
device. It is also possible to connect the planar antenna 
to the high frequency circuit by the shortest distance. 
Thus, the loss of the high frequency signal is reduced. 
[0095] Example 1 1 provides an exemplary microwave 

30 and millimeter wave device 1 1 00 which receives a high 
frequency signal through the planar antenna 141 and 
converts the high frequency signal to an intermediate 
frequency signal. Conversely, the same principle can be 
applied to provide a microwave and millimeter wave 

35 device which converts an intermediate frequency signal 
to a high frequency signal and outputs the converted 
signal through a planar antenna. 

EXAMPLE 12 

40 

[0096] Figure 16 is a cross-sectional view illustrating 
a microwave and millimeter wave device 1200 accord- 
ing to Example 12 of the present invention. 
[0097] The microwave and millimeter wave device 

45 1200 of Example 12 has substantially the same struc- 
ture as that of the microwave and millimeter wave 
device 1100 of Example 11, but is different in that the 
semiconductor substrate is covered with a frame body 
and a lid as in Example 8. 

so [0098] Specifically, in the microwave and millimeter 
wave device 1200 of the present example, the frame 
body 1 1 1 of metallized aide walls is provided along the 
periphery of the dielectric substrate 1. Moreover, the 
metallized lid 112 is provided on the frame body 111 so 

55 as to cover the semiconductor substrate 2. The ground- 
ing conductor portions 10 on the surface side of the die- 
lectric substrate 1 are physically and electrically 
connected to the frame body 111, which in turn is phys- 
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ically and electrically connected to the lid 112. 
[0099] When the planar antenna 141 is provided on 
the reverse side of the dielectric substrate 1 , the prob- 
lem of unwanted wave radiation onto and from the sur- 
face side or the dielectric substrate 1 has to be 
addressed. In Example 12, the radiation onto or reflec- 
tion from the device 1200 can be prevented by the frame 
body 111 and the lid 112. 

EXAMPLE 13 

[0100] Figures 17A and 17B illustrate a microwave 
and millimeter wave device 1300 according to Example 
1 3 of the present invention. 

[0101] Figure 17A illustrates the microwave and mil- 
limeter wave device 1300 as viewed from the reverse 
side of the semiconductor substrate, in which the semi- 
conductor substrate has been rendered transparent for 
detailed illustration of the connections between the 
active elements on the surface side of the semiconduc- 
tor substrate and the dielectric substrate. Figure 17B is 
a cross-sectional view taken along line 17A-17B in Fig- 
ure 17A t as viewed from the direction indicated by the 
arrows. 

[0102] The microwave and millimeter wave device 
1 300 of the present example has substantially the same 
structure as that of the microwave and millimeter wave 
device 1000 of Example 10, but is different in that the 
dielectric substrate 1 includes the first dielectric layer 
101, the intermediate conductor layer 102 and the sec- 
ond dielectric layer 103. 

[0103] Specifically, in the microwave and millimeter 
wave device 1300 of Example 13, the first dielectric 
layer 101 , the intermediate conductor layer 102 and the 
second dielectric layer 103 are deposited as the dielec- 
tric substrate 1 . The intermediate conductor layer 102 is 
provided with a slot coupling hole 171. A signal line 
formed of a microstrip line is provided on the reverse 
side of the second dielectric layer 103. Moreover, a 
microstrip line 172 is provided to extend to an input 
matching circuit/power supply circuit on the surface side 
of the first dielectric layer 101 . The end of the microstrip 
line 172 is electromagnetically coupled, for a desired 
frequency, to a signal line 173 on the reverse side of the 
second dielectric layer 103 via the slot coupling hole 
171. The signal line 173 is connected to an external 
connection terminal 174. 

[0104] When the coplanar line on the surface side of 
the dielectric substrate is connected with the coplanar 
line on the reverse aide thereof via a through hole as in 
Example 10, the loss increases as the frequency 
increases since the through hole has a high impedance. 
However, by coupling the microstrip line on the surface 
side of the first dielectric layer 101 with the microstrip 
line on the reverse side of the second dielectric layer 
103 via a slot coupling hole as in Example 13, a signal 
can be transmitted without loss. 



EXAMPLE 14 

[0105] Figures 18A and 18B illustrate a microwave 
and millimeter wave device 1400 according to Example 

s 1 4 of the present invention. 

[0106] Figure 18A illustrates the microwave and mil- 
limeter wave device 1400 as viewed from the reverse 
side of the semiconductor substrate, in which the semi- 
conductor substrate has been rendered transparent for 

10 detailed illustration of the connections between the 
active elements on the surface side of the semiconduc- 
tor substrate and the dielectric substrate. Figure 18B is 
a cross-sectional view taken along line 18A-18B in Fig- 
ure 18A, as viewed from the direction indicated by the 

is arrows. Figure 19 illustrates the second dielectric layer 
103 as viewed from the reverse side thereof. 
[0107] The microwave and millimeter wove device 
1400 of Example 14 has substantially the same struc- 
ture as that of the microwave and millimeter wave 

20 device 1300 of Example 13, but is different in that the 
planar antenna 141 is provided on the reverse side of 
the dielectric substrate 1 . 

[0108] Specifically, the microwave and millimeter wove 
device 1400 according to Example 14 includes the pla- 

25 nar antenna 141 provided on the reverse side of the 
second dielectric layer 103. A terminal of the planar 
antenna 141 is electromagnetically coupled, for a 
desired frequency, to the microstrip line 172 of the first 
dielectric layer 101 via the slot coupling hole 171. The 

30 microstrip line 1 72 on the surface side of the first dielec- 
tric layer 101 is connected to the input matching cir- 
cuit/power supply circuit 122. 

[01 09] A high frequency external signal from the out- 
side of the device 1400 is incident upon the planar 

35 antenna 141 on the reverse side of the second dielectric 
layer 103, and is input to the input matching cir- 
cuit/power supply circuit 122 on the surface side of the 
first dielectric layer 101 via the slot coupling hole 171. 
Other than this, the operation of the device 1400 is sub- 

40 stantially the same as that described in Example 9, and 
thus will not further be described. 
[0110] By providing the planar antenna 141 on the 
reverse side of the second dielectric layer 103, It is pos- 
sible to realize a very small microwave and millimeter 

45 wave device. It Is also possible to connect the planar 
antenna 141 to the high frequency circuit provided on 
the first dielectric layer 101 by the shortest distance. 
This reduces the loss of the high frequency signal. 
[01 1 1 ] Example 1 4 provides an exemplary microwave 

so and millimeter wave device 1400 which receives a high 
frequency signal through the planar antenna and con- 
verts the high frequency signal to an intermediate fre- 
quency signal. Alternatively, the same principle can be 
applied to provide a microwave and millimeter wave 

55 device which converts an intermediate frequency signal 
to a high frequency signal and outputs the converted 
signal through a planar antenna. 
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EXAMPLE 15 

[0112] Figure 20 is a cross-sectional view illustrating 
a microwave and millimeter wave device 1500 accord- 
ing to Example 15 of the present invention. 
[0113] The microwave and millimeter wave device 
1500 of Example 15 has substantially the same struc- 
ture as that of the microwave and millimeter wave 
device 1400 of Example 14, but is different in the follow- 
ing points. The frame body 111 of metallized side walls 
is provided along the periphery of the dielectric sub- 
strate 1 . Moreover, the metallized lid 112 is provided on 
the frame body 111 so as to cover the semiconductor 
substrate 2. The grounding conductor portions 10 on 
the surface side of the dielectric substrate 1 are physi- 
cally and electrically connected to the frame body 111, 
which in turn is physically and electrically connected to 
the lid 112. 

[0114] When the planar antenna 141 is provided on 
the reverse side of the second dielectric layer 103, the 
problem of unwanted wave radiation onto and from the 
surface side of the first dielectric layer 101 has to be 
addressed. In Example 15, the radiation onto or reflec- 
tion from the device 1 500 can be prevented by the frame 
body 111 and the lid 112. 

EXAMPLE 16 

[0115] Figures 23A, 23B and 23C illustrate an exem- 
plary frequency down converter using a plurality of tran- 
sistors and a diode pair provided on a semiconductor 
substrate, as a microwave and millimeter wave device 
according to Example 1 6 of the present invention. 
[01 1 6] Figure 23A illustrates a circuit diagram showing 
the entire circuit of the microwave and millimeter wave 
device of the present example which includes a low- 
noise amplifier 501 and a frequency mixer 502. Figure 
23B illustrates a connection between a function element 
array 508, including transistors and diodes provided on 
the semiconductor substrate, and a dielectric substrate. 
The function element array 508 includes transistors 
503, 504 and 505 and a diode pair 506, illustrated in 
Figure 23A. Furthermore, Figure 23C is a circuit layout 
diagram showing the entire circuit, illustrating a layout 
diagram of the function element array 508 on the semi- 
conductor substrate, together with a layout diagram of 
passive circuits 507 on a dielectric substrate 520. Like 
reference numerals denote like elements throughout 
Figures 23A to 23C. 

[01 1 7] Referring to the circuit diagram of Figure 23A, 
the low-noise amplifier 501 includes the passive circuits 
507, formed of transmission lines on the dielectric sub- 
strate, and the transistors 503, 504 and 505. The fre- 
quency mixer 502 includes a band pass filter, a low pass 
filter, the passive circuits 507 formed of transmission 
lines, and the diode pair 506, which are provided on the 
dielectric substrate. Referring to Figure 23B, the func- 
tion element array 508 on the semiconductor substrate 



is formed of four elements in total; that is, the microwave 
transistors 503. 504 and 505 and the diode pair 506. 
Respective base terminals B and collector terminals C 
of the microwave transistors 503 to 505 and an 

5 input/output terminal of the diode pair 506 are physically 
and electrically connected to respective connection ter- 
minals 510 on the dielectric substrate via metal bumps 
509. In addition, emitter terminals E on the semiconduc- 
tor substrate are physically and electrically connected to 

10 respective grounding terminals 511 on the dielectric 
substrate via the metal bumps 509. Moreover, the 
grounding terminals 511 are connected to respective 
grounding terminals (not shown) provided on the 
reverse side of the dielectric substrate. 

is [01 18] The semiconductor substrate and the di electric 
substrate which are physically and electrically con- 
nected to each other via the metal bumps 509 by a flip- 
chip connection method, as illustrated in Figure 23B, 
can be integrated with the passive circuits 507 provided 

20 on the dielectric substrate 520, as illustrated in Figure 
23C, so as to implement a frequency down converter. In 
particular; a high frequency input RFin having a fre- 
quency fpF which is input to the low-noise amplifier 501 
and a local oscillation signal LOin having a frequency 

25 f L0 which is input to the frequency mixer 502 are used 
to generate and output an intermediate frequency sig- 
nal IFou, having a frequency corresponding to f RF -2f L0 . 
[0119] The dielectric substrate may be a multilayer 
thin substrate provided on the semiconductor substrate. 

30 This is suitable for production of a device which is oper- 
ated at a high frequency because the substrate can be 
subjected to fine processing. 

[0120] In the above-described example, the micro- 
wave transistors 503 to 505 and the diode pair 506 are 

35 provided on the semiconductor substrate. Alternatively, 
a plurality of function blocks may be arranged on the 
semiconductor substrate, wherein each of the function 
blocks is obtained by integrating transistors and a bias 
circuit on the semiconductor substate, as illustrated in 

40 Figures 24A(a)and 24(b). In such a case, the elements 
of the bias circuit, such as a resistor 515 and a MIM 
(Metal Insulate Metal) capacitor 516, can be provided in 
the immediate vicinity of a microwave transistor on the 
semiconductor substrate. Thus, a parasitic capacitance 

45 component or a parasitic inductance component is 
unlikely to occur, thereby realizing a stable circuit oper- 
ation. 

[0121] While the present example has illustrated an 
exemplary frequency down converter including the low- 

so noise amplifier 501 and the frequency mixer 502, the 
present invention is not limited to such a structure. 
[0122] For example, in order to provide an oscillator 
for use in a microwave band and a millimeter wave 
band, a feedback control is required for the translators. 

55 In such a case, a capacitor element 516, a short stub 
517 (functioning as an inductor element), or the like, 
may be provided in the immediate vicinity of a micro- 
wave transistor, as illustrated in Figures 24B(a) and 
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24B(b), thereby providing a function block including a 
series feedback circuit. Alternatively, transmission lines 
519 and coupling lines 518 may be provided in the 
immediate vicinity of a transistor, as illustrated in Fig- 
ures 24C(a) and 24C(b), thereby providing a function 
block including a parallel feedback circuit. 
[0123] The size of these feedback circuits decreases 
as the operating frequency increases. Therefore, in the 
case of a series feedback circuit as illustrated in Figures 
24B(a) and 24B(b), elements having low capacitance or 
inductance values are required as the capacitor ele- 
ment 516 and the inductor element (short stub) 517. In 
the case of a parallel feedback circuit as illustrated in 
Figures 24C(a) and 24C(b), the coupling lines 518 are 
required to have asmall coupling distance d. 
[0124] It is generally difficult to provide elements sat- 
isfying these requirements on a dielectric substrate 
such as a ceramic substrate in view of the processing 
techniques required therefor. According to the present 
invention, however, such elements can be provided on a 
semiconductor substrate by micro-processing based on 
a semiconductor processing technique. For example, 
the feedback circuit as described above can be simulta- 
neously formed while the microwave transistors 503 to 
505 are formed on the semiconductor substrate. 
[01 25] It is also possible to use a plurality of such func- 
tion blocks each of which is obtained by integrating tran- 
sistors and a feedback circuit. In such a case, since the 
feedback circuit is provided in the immediate vicinity of 
a microwave transistor, a parasitic capacitance compo- 
nent, a parasitic inductance component, a parasitic line 
component, or the like, is unlikely to occur, thereby real- 
izing a stable circuit operation. 
[0126] In the frequency down converter described 
above, only the passive circuits 507 are provided on the 
dielectric substrate. However, an active circuit may be 
provided alternatively or additionally. The output section 
of the frequency down converter circuit outputs the sig- 
nal IF 0Ut within the intermediate frequency band (which 
has been obtained by down converting the frequency 
thereof to a lower frequency) as described above. 
Therefore, for example, it is possible to provide an active 
circuit such as a hybrid IC or an MMIC by a combination 
of single transistors, in which an intermediate frequency 
signal processing circuit, a frequency conversion circuit 
for converting a signal to a base band signal, or the like, 
has been packaged. 

EXAMPLE 17 

[0127] An exemplary frequency multiplier using a plu- 
rality of transistors will be described as a microwave and 
millimeter wave device according to Example 1 7 of the 
present invention, with reference to Figures 25A to 25E. 
Elements in Figures 25 A to 25E having like reference 
numerals to those shown in Figures 23A to 23C will not 
further be described. 

[01 28] Referring to Figure 25A illustrating a circuit dia- 



gram showing the entire circuit, a microwave and millim- 
eter wave device of the present example includes four 
transistors 521 to 524 provided on a semiconductor 
substrate and the passive circuits 507 provided on the 

5 dielectric substrate 520. Figure 25B(a) illustrates posi- 
tioning of the metal bumps 509 with respect to the tran- 
sistor array 508 including the transistors 521 to 524 on 
the semiconductor substrate. Figure 25B(b) illustrates 
positioning of the input/output (connection) terminals 

w 51 0, the grounding terminals 51 1 , the metal bumps 509 
and the via holes 512 with respect to the dielectric sub- 
strate. Figure 25B(c) illustrates the semiconductor sub- 
strate and the dielectric substrate being integrated with 
each other. Moreover, Figures 25C(a) to 25C(c) and 

is 25D(a) to 25D(c) respectively correspond to Figures 
25B(a) to 25B(c), illustrating slightly different arrange- 
ments of the grounding terminals, the metal bumps, and 
the like, with respect to the transistor array 508. Further- 
more, Figure 25E is a circuit diagram showing the entire 

20 circuit, illustrating a layout diagram of the function ele- 
ment array 508 on a semiconductor substrate 503, 
together with a layout diagram of the passive circuits 
507 on the dielectric substrate 520. Like reference 
numerals denote like elements throughout these fig- 

25 ures. 

[0129] Referring to the circuit diagram of Figure 25 A, 
the device of the present example which functions as 
the frequency multiplier includes the passive circuits 

507 formed of transmission lines provided on the dielec- 
30 trie substrate and the transistors 521 to 524. A fre- 
quency f G of a given input signal is doubled in each of 
the transistors 521 to 524, finally providing an output 
signal having a frequency of 16 *f Q . For example, for an 
input signal having a frequency f c =2GHz, the output fre- 

35 quency will be 32GHz. 

[0130] The passive circuit 507 includes a circuit for 
realizing an efficient frequency multiplication by obtain- 
ing an impedance matching among the transistors 521 
to 524, and a circuit for removing unnecessary waves. 

40 As illustrated in Figure 25E, a semiconductor substrate 
530 including the transistor array 508 provided thereon 
is integrated with the respective passive circuits 507 
provided on the dielectric substrate vie the metal bumps 
509 by a flip-chip connection method, thereby imple- 

45 menting a frequency multiplier. 

[0131] The grounding terminals 511 on the dielectric 
substrate are respectively connected to the grounding 
terminals (not shown) provided on the reverse side of 
the dielectric substrate via the via holes 512. 

so [01 32] Referring to Figure 25B(a), the transistor array 

508 on the semiconductor substrate 530 includes the 
four transistors 521 to 524. The base, collector and 
emitter terminals B, C and E of each of the transistors 
521 to 524 are physically and electrically connected via 

55 the metal bumps 509 to the input/output (connection) 
terminals 510 and the grounding terminals 511 on the 
dielectric substrate illustrated in Figure 25B(b). 
[01 33] The four transistors 521 to 524 are arranged in 



25 



EP 0 938 139 A2 



26 



two rows. For example, the transistors 521 and 522 may 
form one row and the other transistors 523 and 524 may 
form the other row. The transistors 521 and 522 of the 
first row are arranged in a direction indicated by an 
arrow 531, whereas the transistors 523 and 524 of the 5 
second row are arranged in the opposite direction, as 
indicated by an arrow 532. Due to such a structure 
where the input/output terminals of the transistors in the 
respective rows are arranged in opposite directions, it is 
possible to efficiently connect the transistors 521 to 524, 10 
thereby obtaining a smaller passive circuit which is 
more suitable for a high frequency operation. 
[0134] As illustrated in Figures 25B(a) to 25B(c), for 
example, the only grounding terminals provided on the 
semiconductor substrate are the emitter terminals E, 15 
whereas the grounding terminals 511 are provided on 
the dielectric substrate. The grounding terminals 511 
are provided on the dielectric substrate so as to gener- 
ally surround the transistors 521 to 524. Such an 
arrangement ensures isolation from the mutual interfer- 20 
ence of the transistors 521 to 524. 
[0135] Alternatively, a further grounding terminal 526 
may be provided additionally on the semiconductor sub- 
strate 530, as illustrated in Figure 25C(a). The ground- 
ing terminal 526 is obtained by interconnecting and 25 
extending the emitter terminals E, and is shaped to gen- 
erally surround the transistors 521 to 524. On the con- 
trary, the grounding terminals 511 on the dielectric 
substrate are provided independently for the respective 
transistors 521 to 524, as illustrated in Figure 25C(b). 30 
The resulting structure as illustrated in Figure 250(c) 
ensures isolation from the mutual interference of the 
transistors 521 to 524 and provides a heat radiation 
effect. 

[0136] In the structure illustrated in Figure 25D(a) to 35 
25D(c), the grounding terminal 526 (sea Figure 25D(a)) 
provided on the semiconductor substrate 530 and the 
grounding terminals 51 1 (see Figure 25D(b)) provided 
on the dielectric substrate are connected via the metal 
bumps 509. The transistors 521 to 524 are 3-dimen- 40 
sionally surrounded by the metal bumps 509 and the 
grounding terminals 511 and 526 together (see Figure 
25D(c)). This ensures isolation from the mutual interfer- 
ence of the transistors 521 to 524 and provides an 
increased heat radiation effect, while removing unnec- 45 
essary electromagnetic wave modes existing between 
the semiconductor substrate and the dielectric sub- 
strate. 

[0137] As described above, the present invention pro- 
vides a small, low-cost microwave and millimeter wave so 
device which allows the development time to be short- 
ened and has good passive circuit characteristics. 
Moreover, the mounting area can be increased, thereby 
increasing the mounting strength of the microwave and 
millimeter wave device. Furthermore, it is possible to 55 
improve the electrical isolation between the active ele- 
ments, and to reduce the inductance between the 
grounding terminals of the respective active elements. 



By providing a conductor on the reverse side of the 
semiconductor substrate and connecting the conductor 
to the surface side of the semiconductor substrate via a 
through hole, it in possible to improve the radiation char- 
acteristic of the active element. 

[0138] Moreover, the present invention makes it pos- 
sible to stabilize the ground potentials of the passive 
element and the active element of the microwave and 
millimeter wave device, thereby stabilizing the charac- 
teristic of the microwave and millimeter wave. Further- 
more, by providing the dielectric substrate which 
includes a plurality of layers, it in possible to increase 
the mechanical strength of the dielectric substrate. 
[01 39] Moreover, according to the present invention, a 
microwave and millimeter wave device can be provided 
using a function element block array including an active 
element and a diode element so as to accommodate 
any circuits ranging from a microwave band circuit to a 
millimeter wave band circuit. Since the micro-process- 
ing based on a semiconductor processing technique 
may be applied onto the semiconductor substrate, a 
minute passive circuit required for a high frequency 
band can be provided in the immediate vicinity of an 
active element, thereby realizing a stable circuit opera- 
tion In addition, since a dielectric substrate having a 
small dielectric loss such as a ceramic substrate can be 
used as interconnect for connecting respective transis- 
tors, interconnection with a low loss in the millimeter 
wave band is realized, thereby providing a high gain, 
high efficiency circuit. Furthermore, while the circuit is 
thermally stabilized, sufficient isolation from the mutual 
interference of the transistors can be ensured, and 
unnecessary electromagnetic wave modes existing 
between the semiconductor substrate and the dielectric 
substrate can be removed. 

[0140] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1. A microwave and millimeter wave device, compris- 
ing: 

a dielectric substrate including at least one sig- 
nal line, a passive circuit and a first grounding 
conductor portion which are formed on a sur- 
face side of the dielectric substrate; and 
a semiconductor substrate including a plurality 
of active elements, 
wherein: 

the signal line is physically and electrically con- 
nected to in input/output terminal of the active 
element via a metal bump: and 
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the first grounding conductor portion is physi- 
cally and electrically connected to a grounding 
terminal of the active element via another metal 
bump. 

2. A microwave and millimeter wave device according 
to claim 1 , further comprising a second grounding 
portion on a surface side of the semiconductor sub- 
strate, wherein the second grounding portion is 
formed by connecting respective grounding termi- 
nals of the plurality of active elements to one 
another via a first conductor. 

3. A microwave and millimeter wave device according 
to claim 2, wherein: 

a second conductor is provided on a reverse 
side of the semiconductor substrate; and 
the grounding conductor portion on the surface 
side of the semiconductor substrate is con- 
nected to the second conductor via a through 
hole. 

4. A microwave and millimeter wave device according 
to claim 1 , wherein: 

a grounding conductor surface is provided on a 
reverse side of the dielectric substrate; and 
the grounding conductor surface is connected 
to the grounding conductor portion on the sur- 
face side of the dielectric substrate via a 
through hole. 

5. A microwave and millimeter wave device according 
to claim 1, wherein: 

the dielectric substrate includes a first dielectric 
layer, an intermediate conductor layer and a 
second dielectric layer; 

a grounding conductor surface is provided on a 
reverse side of the second dielectric layer; 
a ground conductor portion is provided on the 
surface side of the dielectric substrate; 
through holes are provided to connect between 
the grounding conductor portion and the inter- 
mediate conductor layer and between the inter- 
mediate layer and the grounding conductor 
surface, respectively. 

6. A microwave and millimeter wave device according 
to claim 5, wherein: 

the intermediate conductor layer includes a slot 
coupling hole; 

a second signal line is provided on a reverse 
side of the second dielectric layer: 
a first signal line is provided on a surface side 
of the first dielectric layer; and 



the second signal line is electromagnetically 
coupled, for a desired frequency, to the first sig- 
nal line via the slot coupling hole. 

5 7. A microwave and millimeter wave device according 
to claim 1 , wherein: 

at least a mixer input matching circuit and a fil- 
tering circuit are provided as the passive cir- 
10 curts; and 

the microwave and millimeter wave device fur- 
ther comprises a frequency conversion device. 

8. A microwave and millimeter wave device according 
is to claim 1, wherein: 

a frame body is provided along a periphery of 
the dielectric substrate; 

a lid is provided on the frame body so as to 
20 cover the semiconductor substrate; and 

the frame body and the lid are respectively 
grounded. 

9. A microwave and millimeter wave device according 
25 to claim 8, wherein: 

a first signal line is provided on the surface side 
of the dielectric substrate; 
an external connection terminal and a second 
30 signal line are provided on a reverse side of the 

dielectric substrate: 

the external connection terminal in connected 
to the second signal line: 
the second signal line is connected to the first 
35 signal line via a through hole or a slit coupling 

hole; and 

the first signal line is connected to the passive 
circuit. 

40 10. A microwave and millimeter wave device according 
to claim 1 , wherein: 

an input terminal is provided on the surface 
side of the dielectric substrate; 
45 a planar antenna is provided on a reverse side 

of the dielectric substrate; 
the planar antenna includes a power supply 
portion for connection to the surface side of the 
dielectric substrate; 
so the power supply portion is connected to the 

input terminal via a through hole or a slot cou- 
pling hole; and 

an input is provided from the input terminal to 
the passive circuit. 

55 

1 1 , A microwave and millimeter wave device according 
to claim 1 , wherein: 
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the dielectric substrate is made of silicon hav- 
ing an insulation film on the surface side of the 
dielectric substrate: and 
the passive circuit is formed by a semiconduc- 
tor process for the silicon. s 

12. A microwave and millimeter wave device, compris- 
ing: 



to claim 12, wherein grounding terminals for the 
function block and the respective transistors are 
provided on at least one of the dielectric substrate 
and the semiconductor substrate at such positions 
an to surround the function block and the transla- 
tors. 

21. A microwave and millimeter wave device according 
to claim 12, wherein the plurality of transistors are 
arranged to form first and second rows, input and 
output terminals for the first row being provided on 
the semiconductor substrate along a first direction 
while input and output terminals for the second row 
being provided on the semiconductor substrate 
along a second direction which is substantially 
opposite to the first direction. 



a dielectric substrate including it least one sig- 10 
nal line, a passive circuit and a grounding con- 
ductor portion which are formed on a surface 
side of the dielectric substrate; and 
a semiconductor substrate including a plurality 
of transistors, a diode, and a function block is 
constituted by a predetermined circuit element, 
wherein: 

the dielectric substrate and the semiconductor 
substrate are physically and electrically con- 
nected to each other via a metal bump. 20 



1 3. A microwave and millimeter wave device according 
to claim 12, wherein the metal bump allows connec- 
tion between terminals provided on the dielectric 
substrate and the semiconductor substrate. 25 



14. A microwave and millimeter wave device according 
to claim 12, wherein the dielectric substrate is a 
multilayered thin film substrate provided over the 
semiconductor substrate. 30 

15. A microwave and millimeter wave device according 
to daim 12, wherein the function block includes a 
pair of transistors and a pair of diodes. 

35 

16. A microwave and millimeter wave device according 
to claim 12, wherein the function block includes a 
transistor and a bias circuit for the transistor. 



17. A microwave and millimeter wave device according 40 
to daim 12, wherein the function block includes a 
transistor and a feedback circuit for the transistor. 



18. A microwave and millimeter wave device according 

to daim 12, wherein grounding terminals for the as 
function block and the respective transistors are 
provided on the dielectric substrate at such posi- 
tions as to surround the function block and the tran- 
sistors. 

50 

19. A microwave and millimeter wave device according 
to claim 12, wherein grounding terminals for the 
function block and the respective transistors are 
provided on the semiconductor substrate at such 
positions as to surround the function block and the 55 
transistors. 



20. 



A microwave and millimeter wave device according 
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